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Catalytic fast pyrolysis of lignocellulosic biomass
From lab-scale research to industrial applications
Introduction
In recent years, catalytic fast pyrolysis of biomass as a means of producing bio-oil with
improved physico-chemical properties, has received lots of attention. This technique is
meant for the removal of the oxygen and catalytic cracking of the high molecular weight
compounds in the primary pyrolysis vapours. This way, the chemical composition of crude
bio-oil can be shifted from its typical polar nature more towards petroleum-like products in
a single-step process.
Effect of successive catalyst regeneration in catalytic pyrolysis of pine wood
Conclusions
Fig. 1. Possible impact of ash on the catalyst and on the products in catalytic fast pyrolysis of
biomass.
Fig. 2. Scheme of the pyrolysis set-up. 
Most of the literature studies are concerned with the use of fresh catalysts whereas in
large-scale applications, the spent (and coked) catalyst needs to be frequently regenerated
(in a separate unit) and returned to the pyrolysis process. Although the operation mode
could be quite similar to that of Fluid Catalyst Cracking (FCC) in a traditional oil refinery,
a difference so far not properly understood is that biomass also adds mineral matter
(or ash) to the process. Through successive pyrolysis and catalyst regeneration, this ash
accumulates and could potentially affect the chemistry of pyrolysis as well as the stability and/or the activity of the catalyst (Fig. 1). This work tries to answer the
consequences of long-term usage of catalysis, and the presence of biomass originated ash in large scale catalytic fast pyrolysis systems.
In this work, the catalytic fast pyrolysis of pine wood has been studied by experiments in a mechanically agitated
bed reactor (Fig. 2) at 500 °C containing ZSM-5-based catalyst particles mixed with sand. The intention was to
examine the effect of repeated catalyst regeneration and the ash accumulation on the product yields (Fig. 3) and
composition (Fig. 4), as well as on the properties of the catalyst itself (coke deposition and BET surface area).
Eight cycles of catalytic pyrolysis and subsequent catalyst regeneration were carried out in total.GC
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Fig. 3. Influence of successive catalyst regeneration (R1 to R8, ♦) on the product yields of pine wood pyrolysis at 500 °C. Results for the non-catalytic (NC,
■) and catalytic pyrolysis with fresh catalyst (R0, ●) are included for comparison.
0
2
4
6
8
10
R0 R1 R2 R3 R4 R5 R6 R7 R8
w
t.%
 
o
n
 
fe
ed
 
ba
sis
 
(a.
r.
) Coke yield
0
20
40
60
80
100
120
140
R0 R1 R2 R3 R4 R5 R6 R7 R8
n
o
rm
al
iz
ed
 
v
al
u
e,
 
%
BET SA
0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5
5,0
Sugars Aldehydes Acids Furans Ketones Phenols Aromatics Others
NC NC+Ash R0 R0+Ash R8
w
t.%
o
n
 
fe
ed
 b
as
is 
(a.
r.
)
Fig. 4. Yields of functional groups in pyrolysis liquid (GC×GC/MS-FID detectable only) are shown
for ash addition experiments, compared to the reference, non-catalytic (NC), the catalytic fast
pyrolysis with fresh catalyst (R0), and the 8th cycle of catalyst regeneration experiments (R8).
‘+Ash’ stands for the ash addition to the bed material. Fast pyrolysis of pine wood at 500 °C.
Successive catalyst reaction/regeneration cycles revealed that the catalyst is more active
during the first two cycles but clearly loses its activity in the last few cycles. Then, the catalyst
regeneration becomes much less efficient, and the yields tend to return to the values of the
non-catalytic pyrolysis. The biomass ash accumulated in the process may negatively affect the
efficiency of the catalyst by its influence on the composition of the primary pyrolysis vapours to
be reformed by the catalyst. Ash concentrations as low as ca. 3 wt.% relative to the amount of
pine wood fed, and ca. 0.002 wt.% relative to the amount of bed material, were found sufficient
to have a direct effect on the yield and composition of the catalytic fast pyrolysis products.
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